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Experimental 

Crystal data 

[Fe(C 5 H 5 )(C 15 H 19 NO)](C 4 H 5 0 2 ) 

M, = 435.33 

Monoclinic, P2j 

a = 5.9730 (2) A 

b = 15.3905 (3) A 

c = 11.7713 (4) A 

P = 100.4986 (13)° 

Data collection 

Nonius KappaCCD diffractometer 
15916 measured reflections 
4864 independent reflections 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.067 
S = 1.05 
4864 reflections 
265 parameters 
1 restraint 



0.030 



V = 1063.99 (6) A 3 
Z = 2 

Mo Ka radiation 
/x = 0.73 mm~' 
T = 150 K 

0.33 x 0.12 x 0.10 mm 



4511 reflections with / > 2a(I) 
R<„, = 0.043 



H-atom parameters constrained 
APmax = 0.36 e A" 3 
Ap mi „ = -0.27 e A~ 3 
Absolute structure: Flack (1983), 

2329 Friedel pairs 
Flack parameter: —0.016 (12) 



The crystal structure of the title salt, fFe(C 5 Hs)(Ci 5 H 19 NO)]- 
(C4H5O2), consists of discrete ammonium and carboxylate 
ions, which associate into infinite chains parallel to [100] by 
means of N— H- ■ O and O— H- ■ O interactions. These chains 
are further cross-linked into a three-dimensional network by 
additional C— H- ■ O contacts and by offset 7r-7r stacking 
interactions of inversion-related aromatic rings [centroid- 
centroid distance = 3.7040 (14) A]. The molecular parameters 
of the ionic components are in no way unexpected, the 
geometry of the ammonium cation being similar to that found 
in other structurally characterized salts obtained from N- 
ferrocenylmethyl /J-aminoalcohols. The (£)-but-2-enoate 
anion consists of two approximately planar subunits, viz the 
delocalized carboxylate unit and the butenyl group (the latter 
being planar within ca. 0.002 A), which are mutually rotated 
by 30.3 (4)°. 

Related literature 

For crystal structures of 7V-ferrocenylmethyl yfi-aminoalcohols 
and their salts, see: Stepnicka et al. (2004, 2008a,b). For the 
preparation of a simple yV-ferrocenylmethyl /3-aminoalcohol, 
FcCH 2 NHCH 2 CH 2 OH (Fc = ferrocenyl), see: Hess et al. 
(1999). For an overview of organometallic crystal engineering, 
see: Braga et al. (2008) and references cited therein. 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D — H 


H- ■ A 


D-A 


D-H-A 


N1-H91-02' 


0.95 


1.74 


2.685 (2) 


173 


N1-H92-03 


0.82 


1.94 


2.747 (2) 


170 


01-H93 - 03' 


0.87 


1.85 


2.712 (2) 


172 


C16-H16- ■ Ol" 


0.93 


2.56 


3.447 (3) 


159 


C18-H18- ■ 02 m 


0.93 


2.58 


3.435 (3) 


154 


Symmetry codes: (i) x — 


1, v, z; (ii) x - 


h 1, y, z; (iii) —x - 


\-l,y-i-z- 


- 1. 



Data collection: COLLECT (Nonius, 2000); cell refinement: 
SCALEPACK (Otwinowski & Minor, 1997); data reduction: 
DENZO (Otwinowski & Minor, 1997) and SCALEPACK; 
program(s) used to solve structure: SIR97 (Altomare et al., 1999); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: PLATON (Spek, 2009); software used to prepare 
material for publication: SHELXL97 and PLATON. 

This work was supported financially by the Ministry of 
Education, Youth and Sports of the Czech Republic as a part 
of the long-term research project No. MSM0021620857. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BH2388). 
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(/f)-A^-(Ferrocenylmethyl)-l-hydroxy-3-phenylpropan-2-amiiiium (£)-but-2-enoate 
P. Stepnicka and I. Osarova 

Comment 

With our recent work (Stepnicka et al, 2004 and 2008a,&), we demonstrated that iV-ferrocenylmethyl /?-aminoalcohols 
with general formula FcCH2NHC7? 1 7? 2 C7? 3 7? 4 OH (Fc = ferrocenyl) are potentially useful building blocks for organometal- 
lic crystal engineering (Braga et al, 2008 and references therein). These compounds possess a balanced number of con- 
ventional H-bond donors and acceptors (OH and NH) in their native form. When reacted with protonic acids, they are 
readily converted to the corresponding ammonium salts, the crystal assembly of which receives additional support from 
charge interactions. This contribution reports the crystal structure of a salt obtained from a chiral aminoalcohol, namely 
(7?)-2-[(ferrocenylmethyl)azonia]-3-phenylpropan-l-ol (E)-but-2-enoate. 

Several crystals of the title compound were isolated unexpectedly during attempted crystallization of (R)-2- 
[(ferrocenylmethyl)amino]-3-phenylpropan-l-ol from ethyl acetate/hexane, apparently resulting from the reaction of the 
free amine with (£)-but-2-enoic acid present as a trace impurity in reagent grade ethyl acetate. A view of the molecular 
structure is presented in Fig. 1. 

The geometry of the cation is rather unexceptional, and compares well with those reported earlier for salts obtained from 
FcCFFjCIV^CFFjOH and similar A'-ferrocenylmethyl/J-aminoalcohols (Stepnicka et al, 2004 and 2008a, b). The ferrocenyl- 
methyl and benzyl group attached to the 'central' N 1 — C 1 2 bond assume an anticlinal eclipsed conformation (cf. torsion angle 
CI 1— Nl— C12— C14) while their aromatic rings, C(l-5) and C(15-20), are nearly parallel [dihedral angle 7.75 (12)°] but 
mutually offset. The CH2OH pendant group is appended in a gauche position (cf. torsion angle Cll — Nl — C12 — C13). 
Atom C13 is directed towards the ferrocenyl group and the C13 — 01 bond extends away from the Nl — C12 bond (cf. 
torsion angle Nl— C12— C13— Ol). 

The ferrocenyl group shows negligible tilting [dihedral angle of the least-squares cyclopentadienyl planes is 1.63 (13)°] 
and similar Fel — ring centroid distances [1.6461 (10) A and 1.6565 (10) A for the rings C(l— 5) and C(6-10), respectively]. 
Although the Fe — C distances between Fel and individual carbon atoms in the substituted cyclopentadienyl ring C(l— 5) 
differ by less than 0.03 A [2.0271 (16)-2.054 (2) A], there is a clear trend with the Fe — C distance gradually increasing from 
the Cjp SO to the opposite edge of the five-membered ring (ipso < a </?). The Fe — C distances observed for the unsubstituted 
cyclopentadienyl ring vary significantly less [2.040 (2)-2.058 (2) A]. 

The C=C double bond within the (E)-but-2-enoate anion has an almost ideal trans configuration with the torsion angle 
C21— C22— C23— C24 of -179.6 (3)°, which renders the whole CH 3 — CH=CH— C group nearly perfectly planar (within 
ca. 0.002 A). The terminal carboxyl group (C21, 02, 03) is symmetrically rotated from the plane of the CH3 — CH= CH — C 
moiety by as much as 30.3 (4)° and shows a delocalized character. The individual C — O distances differ by only ca. 0.02 
A and even this relatively small difference may come mainly from crystal packing effects as the longer C — O distance is 
associated with 03 acting as a double H-bond acceptor, while the shorter one involves 02 atom for which only one strong 
H-bond was detected. 
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The ions constituting the crystal of the title compound assemble by means of H-bonds between OH and NH groups and 
carboxylate oxygen atoms to form infinite chains in the [10 0] direction (Fig. 2). Distances between the H-bond donors and 
acceptors are close to 2.7 A while the H-bond angles fall into the range 170-173° (Table 2). In addition, these conventional 
H-bonds are supported by the softer C — H - 0 interactions formed by CH groups at the terminal phenyl ring and proximal 
oxygen atoms 0 1 and 02 and further by n- -71 stacking interactions between the unsubstituted cyclopentadienyl ring C(6-l 0) 
and phenyl ring in a molecule related by unit-cell translation along the c-axis (Fig. 3). Least-squares planes of the interacting 
aromatic rings make a dihedral angle of 6.22 (12)°, and the distance of their respective centroids is 3.7040 (14) A. 

Experimental 

(7?)-2-[(Ferrocenylmethyl)amino]-3-phenylpropan-l-ol was prepared by an established two-step procedure (Hess et ah, 
1999; Stepnicka et al. 2004 and 2008&) consisting of condensation of ferrocene carboxaldehyde with (7?)-phenylalaninol 
and subsequent reduction of the intermediate Schiff base as follows. 

Ferrocene carboxaldehyde (428 mg, 2.00 mmol) and (7?)-2-amino-3-phenylpropan-l-ol (318 mg, 2.1 mmol) were dis- 
solved in dry chloroform (20 ml). The resulting solution was refluxed under argon for 90 min and then evaporated under 
vacuum. The residue was immediately re-dissolved in dry methanol (20 ml) and the solution was cooled in ice. An amount 
of NaBH4 (380 mg, 10 mmol) was added over 30 min causing the colour of the reaction mixture to change from initial 
orange red to orange yellow. After the addition, the reaction mixture was stirred at 0 °C for 1 h and at room temperature 
for 90 min before being quenched by addition of 10% aqueous NaOH and extracted with dichloromethane (2x20 ml). The 
combined organic extracts were washed with brine (2x20 ml) and dried over MgS04 overnight. 

The drying agent was filtered off and the filtrate was evaporated under vacuum leaving a residue which was purified by 
column chromatography over silica gel. Elution with dichloromethane-methanol (10:1 v/v) led to the development of two 
yellow bands. The first one containing ferrocenylmethanol was discarded. The second one was collected and evaporated 
under vacuum to afford (7?)-2-[(ferrocenylmethyl)amino]-3-phenylpropan-l-ol (371 mg, 53%) as an orange amorphous 
solid. 

Characterization. ! H NMR (CDC1 3 ): 5 2.3 1 (br s, 2 H, NH and OH), 2.78 (dd, 2 J H H =13.7, 3 J H H = 6.7 Hz, 1 H, CH 2 Ph), 

2.83 (dd, 2 J H H = 13.7, 3 J H H = 7.6 Hz, 1 H, CH 2 Ph), 3.01 (m, 1 H, CHN), 3.38 (dd, 2 J H H = 10.8, 3 J H H = 4.7 Hz, 1 H, CH 2 0), 

3.42 and 3.53 (2xd, 2 J H H = 12.9 Hz, 1 H, AB spin system of FcCH 2 ), 3.67 (dd, 2 J H H = 10.8, 3 J H H = 3.8 Hz, 1 H, CH 2 0), 
3.99 (s, 5 H, C 5 H 5 ), 4.06 (m, 1 H, C5H4), 4.08 (virtual t, 2 H, C5H4), 4.14 (m, 1 H, C 5 H 4 ), 7.18-7.34 (m, 5 H, Ph). 

13 C{ ! H} NMR (CDCI3): 5 38.15 (CH 2 Ph), 46.01 (FcCH 2 ), 59.65 (CHN), 62.29 (CH 2 0), 67.66 (2 C), 67.77 and 67.89 
(CH of C 5 H 4 ); 68.34 (C5H5), 86.61 (C ipso of C 5 H 4 ), 126.61 (1 C), 128.70 (2 C) and 129.18 (2 C) (3xCH of Ph); 138.44 
(C^ofPh). 

IR (neat): v/cm" 1 3296 br s, 3086 s, 3026 m, 2924 s, 2856 m, 1653 br m, 1603 w, 1495 s, 1454 very strong, 1412 m, 
1352 m, 1329 m, 1232 m, 1105 very strong, 1041 very strong br, 1001 s, 818 br very strong, 746 very strong, 700 very 
strong, 484 very strong. 
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MS: mlz (relative abundance) 350 (9), 349 (38, AT"), 347 (3), 331 (3, [M - H 2 Op)> 266 (2), 200 (16), 199 (100, 
[FcCH 2 ] + ), 197 (6), 186 (2, FcH + ), 148 (3), 147 (3), 138 (2), 121 (28, [C 5 H 5 Fe] + ), 91 (11), 78 (4), 77 (3), 65 (4), 56 (11, Fe + ). 

Few crystals of the title compound have been obtained upon attempted recrystallization of (R)-2- 
[(ferrocenylmethyl)amino]-3-phenylpropan-l-ol from ethyl acetate/hexane, resulting by a reaction of this compound with 
tiny amounts of (E)-but-2-enoic acid present in the commercial solvent (Lach-Ner). 

Refinement 

N- and O-bonded H atoms were identified on the difference electron maps and isotropically refined as riding atoms. The 
remaining H-atoms were included in their calculated positions and refined as riding atoms with C/i S0 (H) assigned to a multiple 
of U e n{C) of their bonding carbon atoms. 



Figures 




Fig. 1. View of the structure of the title compound showing displacement ellipsoids for non-H 
atoms at the 30% probability level. 




Fig. 2. Section of the infinite H-bonded chains in the crystal structure of the title compound. 
The bulky ferrocenyl moieties were replaced with filled squares for clarity. 



Fig. 3. 7T—7I Stacking interactions of the aromatic rings in the structure of the title compound 
(indicated by a dotted line). The molecules depicted relate by unit-cell translation in the direc- 
tion of the c-axis. 



(/?)-N-(Ferrocenylmethyl)-1-hydroxy-3-phenylpropan-2-aminium (£)-but-2-enoate 



Crystal data 

[Fe(C5H5)(Ci5H 19 NO)](C4H 5 02) 

M,- = 435.33 

Monoclinic, P2\ 

a = 5.9730 (2) A 

6 = 15.3905 (3) A 

c = 11.7713 (4) A 

P= 100.4986(13)° 

V= 1063. 99 (6) A 3 

2 = 2 



F(000) = 460 

D x = 1.359 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2535 reflections 

6= 1.0-27.5° 

|i = 0.73 mm -1 
T= 150 K 
Block, yellow 
0.33x0.12x0.10 mm 
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Data collection 



Nonius KappaCCD 
diffractometer 

Radiation source: fine-focus sealed tube 
horizontally mounted graphite crystal 

Detector resolution: 9.091 pixels mm" 1 
co and cp scans to fill the Ewald sphere 
15916 measured reflections 
4864 independent reflections 



45 1 1 reflections with / > 2o(I) 
R int = 0.043 

Qmax ~~ 27.5°, 0 m in ~~ 3.2° 

h = -1^1 
k = -19^20 
/ = -15->15 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.030 

wR(F 2 ) = 0.067 

S= 1.05 
4864 reflections 
265 parameters 
1 restraint 
0 constraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: difference Fourier map 

H-atom parameters constrained 

w = U[o 2 {F 2 ) + (0.023P) 2 + 0.4582P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Ap m ax = 0.36 e A~ 3 
Ap m i„ = -0.27 e A~ 3 

Absolute structure: Flack (1983), 2329 Friedel pairs 
Flack parameter: -0.016 (12) 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Fel 


0.34726 (4) 


0.852498 (19) 


1.26047 (2) 


0.01975 (7) 


Nl 


0.2364 (3) 


0.79109 (11) 


0.88685 (13) 


0.0188 (3) 


H91 


0.1215 


0.8326 


0.8611 


0.025 (6)* 


H92 


0.3616 


0.8129 


0.8869 


0.045 (8)* 


Ol 


-0.2057 (3) 


0.69386 (11) 


0.78892 (14) 


0.0335 (4) 


H93 


-0.2303 


0.7427 


0.8211 


0.034 (7)* 


02 


0.9374 (3) 


0.91779 (11) 


0.81113 (14) 


0.0316(4) 


03 


0.6734 (2) 


0.84425 (12) 


0.88161 (12) 


0.0279 (3) 


CI 


0.3185 (3) 


0.84770 (18) 


1.08632 (14) 


0.0202 (3) 


C2 


0.1952 (4) 


0.92054 (14) 


1.11836 (18) 


0.0235 (4) 


H2 


0.0400 


0.9306 


1.0956 


0.028* 


C3 


0.3518 (4) 


0.97480 (13) 


1.19111 (18) 


0.0260 (5) 


H3 


0.3165 


1.0267 


1.2243 


0.031* 


C4 


0.5715 (4) 


0.93652 (14) 


1.20475 (18) 


0.0243 (4) 


H4 


0.7044 


0.9587 


1.2487 


0.029* 


C5 


0.5524 (3) 


0.85864 (18) 


1.13951 (15) 


0.0209 (4) 


H5 


0.6712 


0.8211 


1.1324 


0.025* 


C6 


0.2180 (4) 


0.73848 (15) 


1.30972 (19) 


0.0322 (5) 
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1 no T /nn 
1US.2 (2) 


P/i pc r _ 1 

C4 — Cj — rel 


"7n 1 /; /"1 1 \ 
/U.lo (11) 


P 1 PC T7,t 1 

CI — Cj — rel 


£. o "7n / 1 n\ 

06. /y (iu) 


P/1 PC IIC 

U4 — U5 — H5 


125.9 


CI— C5— H5 


125.9 


Fel— C5— H5 


126.7 


CIO— C6— C7 


108.2 (2) 


CIO— C6— Fel 


69.67 (13) 


C7— C6— Fel 


70.37 (13) 



m 1 rn un 
JN 1 — C12 — H12 


1 n"7 o 
1U/.6 


rn un 
C13 — C12 — H12 


1 n~7 o 
1U/.6 


r^i/i rn un 
C14 — C12 — H12 


1 n~7 o 
1U/.6 


Ul — C13 — C12 


1 1 a /; i /1 t\ 
114.61 (1 /) 


Ul — C13 — H13A 


1 no £. 
1U6.6 


pn pn un a 
C12 — C13 — H13A 


1 no /; 
1U6.6 


r\i r^n unr> 
Ul — C13 — H13J3 


1 no /: 
1U6.6 


n rn uno 
C12 — CI 3 — H13J3 


1 no /: 
1U6.6 


un a /^n unr> 
ti 1 3 A — C 1 3 — tl I iB 


1 n~7 £. 
IU /.6 


C12 — C14 — U1D 


111 nc /1 "7\ 
lll.yD (1 /) 


pi r pn U1 A A 

C1D — C14 — H14A 


1 nn i 

iuy.2 


C12 — C14 — H14A 


1 nn 1 

iuy.2 


nc r^i a uhd 
C1D — C14 — H14J3 


1 nn i 

iuy.2 


pn p 1 A U1/ID 

C12 — C14 — H14J3 


1 nn 1 

iuy.2 


U1 A A PI ^1 U1/1T3 

H 1 4 A — C 1 4 H 1 4B 


1 n~7 n 

io /.y 


pif r")(i 

U 1 6 — C 1 D — C2U 


1 1 o "7 n\ 
116./ (2) 


pi<r pi f pii 

U16 — U1D — U14 


1 nn c a f 1 nn 
12U.D4 (iy) 


nn nc 

C2U — C 1 D — U 14 


1 nn "7 /nn 
12U. / (I) 


nc pu pn 
C 1 D — C 1 6 — C 1 / 


i nn n /n\ 
12U. / (2) 


pir pu uu 

C 1 D — C 1 6 — H 1 6 


i in / 

ny.6 


pn pi<: uu 

C 1 / — C 1 6 — ti 1 6 


1 1 n /; 

ny.6 


pu pn pio 
Ulo — Ul / — Ul6 


i nn n n\ 
12U.2 (2) 


U16 — Ul / — HI / 


1 1 Q Q 

i iy.y 


pio pn un 
U 1 6 — U 1 / — rl 1 / 


1 1 n n 

ny.y 


pin PIO pn 

uiy — ui6 — ui / 


imc nn 

ny.D (2) 


pin pio Ul Q 

uiy — lis — hi & 


1 nn i 
12U.3 


PIT PIO U10 

U 1 / — C 1 6 — H 1 6 


1 nn i 
12U.3 


pio pin pin 
U 1 6 — U 1 y — U2U 


1 1 n n nn 
liy.y (2) 


pio pin uin 

uis — uiy — Hiy 


1 nn n 
12U.U 


pin p 1 n u 1 n 

U2u — u i y — h i y 


1 nn n 
12U.U 


pir pm Pin 

U 1 D — U2U — u i y 


1 nn n /nn 
12U.y (2) 


pic pin mil 
U 1 D — U2U — H2U 


1 1 Cl £. 

ny.6 


pin pin UTn 
U 1 y — U2U — H2U 


i in i 

ny.6 


p.i pn 1 p.i 

U2 — U21 — U3 


i m n /nn 
123.y (2) 


P.T pi 1 PT> 

U2 — C21 — C22 


i i / /: /nn 
116.6 (2) 


p.i pm pt> 
U3 — U2 1 — U22 


nn c /nn 

ny.D (2) 


pni pm pm 
U23 — U22 — U2 1 


i nc n /nn 
12D.2 (2) 


pni pt> uii 
U23 — U22 — H22 


I 1 "7 A 

I I / .4 


pn pnn ut> 
C2 1 — C22 — H22 


I 1 "7 A 

I I / .4 


pnn pm pni 

U22 — U23 — U24 


1 no i /t\ 
128.1 (3) 


pm pm um 
U22 — U23 — H23 


1 1 c n 

iiD.y 


pi/1 pni uTi 
U24 — U23 — H23 


1 1 c n 

iiD.y 


C23— C24— H24A 


109.5 


C23— C24— H24B 


109.5 


H24A— C24— H24B 


109.5 


C23— C24— H24C 


109.5 


H24A— C24— H24C 


109.5 


H24B— C24— H24C 


109.5 
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pin T7„1 P1 /"^O 

C1U — rel — CI — Cz 


i£o oc n i\ 
lOZ.ZJ (13) 


P'C T7 _ 1 ni p') 

C j — r e 1 — C 1 — Cz 


1 1 o Q ZO\ 

— llo.j (z) 


p-p T?„1 n n 

Co — r e 1 — C 1 — Cz 


1 on £ c / 1 a \ 
IzU.OJ (14) 


CV — r e 1 — C 1 — Cz 


— 100.4 (Z ) 


no C-1 pi po 

Co — r e 1 — C 1 — Cz 


/I Q C (A \ 

4o.j (4) 


P/1 T7 a 1 PI PO 

C4 — r e 1 — C 1 — Cz 


o 1 nn / 1 /i\ 

— oi .uy (14) 


PI T7 a 1 PI PI 

C j — r e 1 — C 1 — Cz 


Q-7 CQ / 1 Q\ 
J /. JJ (1 J) 


P7 T7 a 1 PI PO 

C/ — rel — CI — Cz 


"7Q A1 

lyA5 (1 /) 


pin T7„1 PI PC 

C1U — rel — CI — Cj 


on /in n o\ 
-/y.4y (lo) 


P1 rr _ i pi pc 

Cz — r e 1 — C 1 — C j 


I 1 O 1 /o\ 

II O.J (z) 


p-p C«.1 P1 PC 

Co — r e 1 — C 1 — C j 


1 o 1 nn ( 1 ^\ 
— Izl.Uy (10) 


PQ I?,, 1 P1 PC 

CV — r e 1 — C 1 — C j 


A Q 1 /I \ 

4o . 1 (J) 


PO I?,, 1 P1 PC 

Co — r e 1 — C 1 — C j 


1 O S1\ 

loo. / (j) 


P/1 T7_ 1 pi PC 

C4 — r e 1 — C 1 — C j 


i o n /"i c\ 
J / .I / (1 j) 


pi TT„1 P1 PC 

C J — r e 1 — C 1 — C j 


on oi /1 <c\ 
oU. / J (10) 


PO T7„1 P1 PC 

C/ — rel — Cl — Cj 


— lOZ.Jl (14) 


Pin tt„i pi P11 

C1U — rel — Cl — Cl 1 


/in i /o\ 
4U.J (Z) 


P1 T7 _ 1 p 1 P 1 1 

Cz — rel — Cl — Cl 1 


1 oo n /o\ 
— Izz.U (Z) 


PC T7 a 1 PI P 1 1 

Cj — rel — Cl — Cl 1 


i in o /q\ 

i iy.o (j ) 


p-p t?„ 1 p 1 P 1 1 

Co — rel — Cl — Cl 1 


1 1 /o\ 

-1.3 (2) 


PQ T7 a 1 PI P 1 1 

cy — rei — ci — ci i 


71 O (1\ 

71.7 (3) 


PQ T7 a 1 PI P 1 1 

Co — r e 1 — C 1 — C 1 1 


"71 ^ //I A 

-73.5 (4) 


P/1 T7 a 1 PI P 1 1 

C4 — r e 1 — C 1 — C 1 1 


i jo.y (z ) 


PI T7 „ 1 P 1 P 1 1 

CJ — rel — Cl — Cll 


1 cn cn ( 1 n\ 

-ijy.ju (iy) 


PO "C — 1 P1 PI 1 

C/ — rel — Cl — Cll 


/lO c /o\ 
— 4Z.J <Z) 


PC p 1 pO pQ 

Cj — C 1 — Cz — Cj 


-0.5 (2) 


P 1 1 pi pi pQ 

Cl 1 — Cl — Cz — Cj 


1 o~n co" ( 1 n\ 

i /y.j / (iy) 


T7„ 1 P1 pi PQ 

rel — Cl — Cz — Cj 


cn /;c /■ 1 c\ 
jy.OJ (1J) 


pc p i po r,i 1 

C j — C 1 — Cz — r e 1 


/^n 1 n ( m\ 

-ou.iy (1 J) 


pi i pi ( r„i 

Cll — C 1 — C2 — r e 1 


1 1 Q Q /")\ 

i iy.y (z ) 


p 1 C-1 PO PQ 

C 1 — r e 1 — Cz — C j 


1 1 n in /"i t>\ 

-ny.iy (lo) 


Pin T7„1 PO PQ 

C1U — rel — Cz — Cj 


1 £.1 C ZO\ 

— lOJ.J (Z) 


PC TT„1 PO PQ 

Cj — rel — Cz — Cj 


on £C\ f\ a\ 
-oU.oy (14) 


p-p T7 _ 1 po pq 

Co — r e 1 — Cz — C j 


1 £o no / 1 1\ 

loz.y / (1 J) 


PO "C — 1 PO PI 

CV — r e 1 — Cz — C j 


A C O /I \ 
4J.O (J) 


pq it c i po ri 
Co — r e 1 — Cz — C j 


oo no /'I £.\ 

Ib.yl (10) 


P/l C-1 PO pi 

C4 — r e 1 — Cz — C j 


oo 1 n f \ i\ 
-J /.1U (1 J) 


P7 T7 a 1 PO f ' 1 

C/ — rel — Cz — Cj 


IZU.oO (14) 


Pin ci po p i 

C1U — rel — Cz — Cl 


A A 1 S1\ 

— 44. j (j) 


p C T7 „ 1 PO P 1 

C j — r el — Cz — C 1 


1 O C 1 / 1 1\ 

JO.Dl (13) 


p-p T7„1 PO P 1 

Co — r e 1 — Cz — C 1 


"7*7 OI C\ C\ 
— / /.OJ (1 J) 


po rr _ i po p i 

Cy — r e l — Cz — c l 


i/Tc n /o\ 
lOJ.U (Z) 


PQ T7„1 PO p 1 

Co — r e 1 — Cz — C 1 


-lol.oo (13) 


P/1 T7.-«1 PO p 1 

C4 — r e 1 — Cz — C 1 


oo in/ii\ 

62.10 (13) 


C3— Fel— C2— Cl 


119.19(18) 


C7— Fel— C2— Cl 


-119.94 (13) 


Cl— C2— C3— C4 


0.0 (2) 


Fel— C2— C3— C4 


58.83 (15) 


Cl— C2— C3— Fel 


-58.83 (14) 



p A T7^1 pp pm 

C4 — r e 1 — C o — C 1 U 


A A £. f1\ 
44.0 (3) 


p -i tt„i pp pin 

C j — r e 1 — Co — C 1 U 


1 £.& C /0\ 

-loo.j (z) 


po tt„i pp pm 

C / — r e 1 — Co — C 1 U 


1 1 n n 1 / 1 n\ 

-ny.ui (iy) 


pi T7 a i p/: po 

Cl — rel — Co — c / 


1 OI PO /I /l\ 

— 1Z1.0J (14) 


pm I?,, 1 p/T p-7 

C1U — rel — Co — C/ 


1 1 n n 1 /1 n\ 

ny.ui (iy) 


PO TTc 1 PP p-7 

Cz — r e 1 — Co — C / 


on ai (\ c\ 
— /y.4J (1 j) 


PC T7 a 1 ( 'P p-7 

C j — r e 1 — Co — C / 


1 £.1 o~7 ^1 'l^ 
— IOj.o/ (1J) 


PO T7„1 pp p-7 

cy — r e 1 — Co — C / 


o 1 m /1 c\ 
ol.JU (1j) 


p o TT„1 pp p-7 

Co — r e 1 — Co — C / 


1 O /il /1 1 \ 

J /.OJ (1 J) 


P A I?,, 1 P/C P*7 

C4 — r e 1 — Co — C / 


\ £.1 C ZO\ 

IOJ.O (Z) 


p -} TT„1 pp p-7 

C j — r e 1 — Co — C / 


A O C /I \ 

-47.5 (3) 


Pin p- p p-7 po 
C 1 U — Co — C / — Co 


n £ /o\ 
U.O (Z) 


T7,, 1 p/T p-7 PO 

rel — Co — C / — Co 


cn n/^ /1 &\ 

-jy.uo (10) 


p 1 A P' p p-7 T7„ 1 

C 1 U — Co — C / — r e 1 


cn cc /1 c\ 
jy.00 (1J) 


p 1 TT„1 p-7 pp 

C 1 — r e 1 — C / — Co 


O/i C£ o\ 

/O.JO (1 /) 


pm i p-7 pp 
C1U — rel — C/ — Co 


in o/i /i/iA 
— J /. /4 (14) 


p-v T7„1 p-7 pp 

Cz — r e 1 — C / — Co 


1 1 Ct A 1 /l/IA 

ny.4i (14) 


PC T7„1 p-7 pp 

C J — r e 1 — C / — Co 


A 1 O 

41.7 (3) 


PQ T7 a 1 PO PP 

cy — r e i — c / — co 


Q 1 PI /I A\ 

— 01.01 (14) 


p o TT„1 p-7 pp 

Co — r e 1 — C / — Co 


nm /o\ 

— ny.j (z) 


P/1 TTcl p-7 pp 

C4 — r e 1 — C / — Co 


1 Al n ("y\ 
— 1 0 J . / (Z) 


PQ T7 a 1 PO PP 

C j — r e 1 — C / — Co 


1 PI A i (M\ 

101. 4J (1J) 


PI T7 a 1 PO PO 

Cl — rel — C / — Co 


— 104. 1J (lj) 


P1A TT„1 PO PO 

C1U — rel — C/ — Co 


O 1 CO i"\ £\ 

ol.J/ (10) 


/ • ~> 1 PO p O 

Cz — r e 1 — C / — Co 


1 O 1 OO ( 1 c\ 

-Izl.zo (1 J) 


PC TT„1 PO P O 

C J — r e 1 — C / — Co 


1/^1 n /o\ 
lol.U (Z) 


/ • P 1 PO P O 

Co — r e 1 — C / — Co 


1 1 n i /o\ 

ny.j (Z) 


pn tt,t i po p o 

cy — r e 1 — C / — Co 


i o on /1 /i \ 
j /. /U (14) 


P A I?,, 1 PO P O 

C4 — r e 1 — C / — Co 


/I /I /I ^1 \ 

—44.4 (J) 


( • 1 T7 a 1 PO PQ 

C j — r e 1 — C / — Co 


OQ O/^ /'I ~l\ 

— /y.Zo (1 /) 


p- p po p o pn 

Co — c / — Co — cy 


n ^ /o\ 
—U.O (Z) 


I?,, i po p o pn 

rel — C/ — Co — cy 


cn /io siA\ 
-jy.4o (14) 


pp po PO C1 

Co — C / — Co — r e 1 


CO oc c\ c\ 
JO.OJ (1j) 


pi T7 a 1 PQ PQ 

c i — r e i — Co — cy 


1 £.n ^ ^i\ 
10U.J (j) 


pm I? „ i p"< o pn 

c i u — r e i — c o — cy 


1 o & O /1 /I \ 

J /.Oo (14) 


PO T7 a 1 PQ PQ 

cz — r e i — Co — cy 


1 £.1 1 O / 1 1\ 

— 10J.1Z (1 J) 


/ « C T7 a 1 PQ PQ 

c j — r e i — Co — cy 


/II 1 (A \ 

4 j.j (4) 


( 'P T7 a 1 PQ PQ 

Co — r e i — Co — cy 


ol.4Z (1 j) 


p A TT„1 po pn 

C4 — r e i — c o — cy 


oo /in /1 o\ 
— /0.4U (1 /) 


r^i i po pn 

c j — r e i — Co — cy 


1 on oo ( ] a\ 
— IZU.OZ (14) 


PO T7„1 PO pn 

c / — r e i — Co — cy 


1 1 n n /o\ 

ny.u (Z) 


P 1 I?,, 1 PO PO 

C 1 — r e 1 — Co — C / 


A 1 £ //I \ 

41.0 (4) 


pm I? „ i po po 
C 1 U — r e 1 — C o — C / 


O 1 TO /I P\ 

— ol.Zo (10) 


PO T-i 1 po PO 

C2 — b e 1 — C8 — C7 


oo no f~\o\ 

77.92 (18) 


C5— Fel— C8— C7 


-162.3 (3) 


C6— Fel— C8— C7 


-37.54 (15) 


C9— Fel— C8— C7 


-119.0 (2) 


C4— Fel— C8— C7 


162.64 (14) 


C3— Fel— C8— C7 


120.22 (15) 



sup-9 



supplementary materials 



p 1 T?„ 1 pi pi 

C 1 — r e 1 — C3 — CZ 


3o.Uo (1Z) 


Pin ci r~"i n 
CIU — rel — C3 — CZ 


loZ.4 (Z) 


PC T7„i pi n 

C j — r e 1 — C3 — CZ 


C/i /1 1\ 

oZ.jo (13) 


Co — r e 1 — C3 — CZ 


/II 1 /1\ 

-43.3 (3) 


pn I?,, i pi pi 

cy — r e l — C3 — CZ 


1 /T'l T1 /I 1 \ 

— loZ. 11 (13) 


PO XTd PI pi 

to — r e 1 — Lj — CZ 


1 in £i / 1 1\ 
— 1ZU.03 (13) 


P/1 T7 a 1 PI pi 

C4 — r e 1 — C3 — CZ 


1 Tfl 1/1 / 1 o\ 

1ZU.14 (lo) 


pi T7 a 1 pi pi 

C/ — rel — C3 — CZ 


HQ 1Q / I C\ 

— /o.Zo (1 j) 


p 1 C-1 pi P/1 

C 1 — r e 1 — C3 — C4 


— oZ.Uo (13) 


pip, T7„ 1 pi P/l 

C 1 U — r e 1 — C3 — C4 


4Z.3 (3) 


PI TT„1 PI p /] 

CZ — r e 1 — C3 — C4 


1 in 1 a si o\ 
-1ZU.14 (lo) 


PC 1 PI p A 

C j — r e 1 — C3 — C4 


11 CO / 1 T\ 

3 / .jo (1Z) 


p/: "C — 1 pi P/1 

Co — r e 1 — C3 — C4 


— lo3.4 (Z) 


pn rr _ i pi p /i 
CV — r e 1 — C 3 — C4 


"7*7 1/1 ( 1 C\ 
/ /.14 (1 J) 


PQ C~1 PI P/l 

Co — r e 1 — C 3 — C4 


ny. zz (13) 


p-7 T7„i pi P/1 

C/ — rel — C3 — C4 


1 /T I CO p| 1\ 

lol .jo (13) 


pi pi p/1 pc 

CZ — C3 — C4 — C J 


0.5 (2) 


C 1 PI P/1 PC 

rel — C3 — C4 — C j 


cn n*7 ^1 c\ 
jy.U/ (1j) 


f pi p/1 T7 a 1 

CZ — C3 — C4 — r e 1 


CO CT /'I £A 

— JO. jZ (1 j) 


P 1 I?,, 1 P/1 PC 

C 1 — r e 1 — C4 — C j 


1*7 OC ( \ 1\ 

— 3 /.OJ (13) 


pin XTd P/l pc 

C 1 u — r e 1 — C4 — c j 


/o.yj (1j) 


pi rr _ 1 p/i pc 

CZ — r e 1 — C4 — C j 


oi i c ni\ 
-oZ.lJ (13) 


( •/! T7 a 1 P/1 PC 

Co — r e 1 — C4 — C j 


/i/i pi pi\ 
44. U (3 ) 


pn I?,, i p/i pc 

cy — r e 1 — C4 — Cd 


1 1 O OC C\ 1\ 

IIo.oj (13) 


PQ "C — 1 P/1 PC 

Co — r e 1 — C4 — C j 


1oU.o3 (13) 


pi T7 _ 1 p/l pc 

C3 — r e 1 — C4 — CD 


iin n /io\ 
-liy. 3Z (lo) 


pn 1 p/i PC 

C / — r e 1 — C4 — C j 


— lOD.O (Z) 


P 1 I?,, 1 P/1 PI 

C 1 — r e 1 — C4 — C3 


oi /i /; / 1 /i\ 
ol .40 (14) 


Pin T7„ 1 p/i pi 

CIU — rel — C4 — C3 


\ £.1 1 A ( 1 T\ 

— loi. /4 (1Z) 


pi TT„1 P/1 PI 

CZ — r e 1 — C4 — C3 


1 *7 1 *7 /1 

3 / . 1 / ( 1 Z) 


PC T7„i P/1 pi 

C j — r e 1 — C4 — C3 


1 1 n ii /i o\ 

ny. 3Z (io) 


p/l T7„i P/l pi 

Co — r e 1 — C4 — C3 


lo3.3 (Z) 


pn C-1 P/1 pi 

Cy — r e 1 — C4 — C3 


m oi p, i\ 
-1Z1.o3 (13) 


PQ T7 a 1 P/1 pi 

to — r e 1 — C4 — C3 


OPi AC (\ ^\ 

— oU.Uj (1j) 


p-7 T7 a 1 P/1 pi 

C / — r e 1 — C4 — C3 


AH 1 (1\ 

— 4 / .3 (3 ) 


pi p/i pc p 1 

C3 — C4 — C j — C 1 


-0.9 (2) 


T7a1 P/1 PC P 1 

rel — C4 — Cj — ci 


CO A C / 1 A 

jo.4j (14) 


pi P/1 PC T7„ 1 

C3 — C4 — C j — r e 1 


CQ H ^1 c\ 

— jy.33 (1j) 


pi pi pc P /I 

CZ — CI — CD — C4 


0.9 (2) 


\ c 1 C5 C4 


1 *7n ti / 1 n\ 

—i /y.zz (iy) 


17^1 p 1 PC P /I 

rel — CI — Cj — C4 


cn in /1 /i\ 
-jy.3U (14) 


pi pi PC 1 

CZ — C 1 — CD — r e 1 


&C\ 1 O /i 1\ 

oU. lo (13) 


pi 1 pi PC T?„ 1 

CI 1 — CI — Cj — rel 


i 1 n n o\ 

— i iy.y (Z) 


pi T7.-.1 PC P/1 

C 1 — r e 1 — C5 — C4 


1 1 n *7 /i\ 

119.7 (2) 


CIO— Fel— C5— C4 


-121.38(14) 


C2— Fel— C5— C4 


81.30(14) 


C6— Fel— C5— C4 


-162.76 (13) 


C9— Fel— C5— C4 


-79.66 (16) 


C8— Fel— C5— C4 


-48.1 (3) 



C / — CS — C9 — C 1 U 


n a 

0.4 (2) 


fel — Cs — C9 — ciu 


cn to c\ c\ 
— jy.Zo (1 J) 


f^~l /~"C> f^C\ T7^1 

C / — Co — C9 — r e 1 


cn *7n /1 c\ 
jy. /U (1 J) 


pi T7 a 1 PO 

ci — rei — cy — Co 


— loZ.3 (Z) 


pia c i pn po 
C 1 U — t e 1 — C9 — Co 


nn i /i\ 

— ny.z (Z) 


/~"> T7ai r^n r^o 
— r e 1 — cy — Co 


44. j (3 ) 


r^^ fai r^o r^c 

c j — r e i — cy — Co 


loZ.3 / (lo) 


r*t* fai r^o r^Q 

C6 — r e i — cy — Co 


Q 1 CO (\ £\ 

— oi. jy (io) 


p/i c . . i pn z" 1 © 
C4 r e 1 — Cy — Co 


1 in i o n c\ 
IZU.Zo (1 j) 


pi c . . i pn f^o 
C3 — r e 1 — Cy — Co 


*70 CC C\ H\ 
/O.OO (1 /) 


P"7 17^1 pn PO 

c / — r e i — cy — Co 


1 *7 O A /1 C\ 

-3 /.o4 (1 j) 


pi c i pn pin 

ci — rei — cy — CIU 


A1 1 S1\ 

—43.1 (3) 


pt i~ , , i pn pin 

C2 — r e 1 — cy — C 1 U 


1 03 . / (Z) 


PC TT~1 i~*Ci P1A 

C5 — r e 1 — Cy — C 1 U 


*70 /in C\ £S\ 

-/o.4U (lo) 


p/: tt^i pn pin 
C6 — r e 1 — cy — C 1 U 


3 /.o3 (14) 


PO TT~1 i~*a pin 

Co — r e 1 — cy — C 1 u 


i in i /i\ 

i iy.z (Z) 


p/i f~i pn pin 
C4 r e 1 — Cy — C 1 U 


1 in /in ( 1 a\ 
— lZU.4y (14) 


pi T7~1 pn pin 

C3 — r e i — cy — c i u 


1 £S1 11 f \ A \ 

— loZ.ll (14) 


c / — r e i — cy — c i u 


o 1 in /1 c\ 
ol.3y (1 j) 


p"7 p/; pin i~*c\ 

c / — C6 — c i u — cy 


n i /"">\ 

-0.3 (2) 


T7 a i c^c pin pn 

rei — Co — c i u — cy 


jy. lb (1 j) 


c / — Co — c i u — r e i 


/zr\ in /i c\ 

— oU. 1U (1 j) 


r^o r^o pin p/; 

Co — cy — c i u — to 


n 1 ^">^ 
-0.1 (2) 


t?~i t~*n pin p/; 

rel — cy — C 1 U — C6 


cn CQ f\ c\ 

-jy.oo (1 J) 


po pn pin c i 

Co — cy — C 1 u — r e 1 


cn {~\ c\ 
jy.o3 (1J) 


pi T7~1 pin p/; 

Cl — rel — Clu — C6 


*70 /in si c\ 
-/o.4y (1 J) 


pt i~ , , i pin p/; 

C2 — r e 1 — C 1 u — C6 


A C O (1 \ 

— 4j.o (3) 


pc c . . i pin p/; 
C5 — rel — CIU — C6 


111 K /1 /l\ 

— IZI.Ij (14) 


r^n T7ai pin f^c* 

cy — r e i — c i u — Co 


1 1 n \ ( \ a\ 

ny.ij (iy) 


Co — r e i — c i u — Co 


o 1 cr\ (\ c\ 
ol.oU (1 j) 


p/i T7~1 pin p/: 
C4 r e 1 — C 1 U — C6 


1 O Cl / 1 1\ 

— 1oZ.j3 (13) 


pi T7~1 pin p/; 
C3 — r e 1 — C 1 U — C6 


I oo. I (Z) 


p~7 17^1 pin p/: 
C / — r e 1 — C 1 U — C6 


1 *7 "71 /1 /I \ 

3 /. 15 (14) 


ci — rei — ciu — cy 


1 £i i£ (\ i\ 
loZ.3o (13) 


pt i~ , , i pm pn 
C2 — r e 1 — C 1 U — cy 


I/re n /i\ 
— Ioj.U (Z) 


r^c T7oi pin pn 

CD — r e i — c i u — cy 


1 1 n *7n (\ a \ 
1 iy. /U (14) 


p/; tt~i pin pn 

C6 — r e 1 — C 1 u — cy 


1 1 n 1 c /i n\ 

— ny.ij (iy) 


Co — r e i — c i u — cy 


17 ^/^ ^1 /1\ 

—3 /.JO (14) 


p/i tt~i pin pn 

C4 — r e 1 — C 1 u — cy 


*70 11/1 <C\ 

/0.31 (lo) 


f^l T7o1 pin pn 

c i — r e i — c i u — cy 


/i n /i\ 
40. y (3 ) 


p~7 T7~1 pin pn 

C / — r e 1 — C 1 U — cy 


O 1 /ll pi c\ 

o 1.43 (1j) 


PT P 1 P 1 1 M 1 

C2 — Cl — Cll — JN 1 


m 1 /'i\ 

91.1 (2) 


PC P 1 P 1 1 M 1 

Cj — Cl — Cll — JN 1 


oo o o\ 
— oo.o (Z) 


i pi P1 1 TvT 1 

rel — Cl — Cll — Nl 


no ii /ii\ 

-178.21 (13) 


C12— Nl— Cll— Cl 


163.62(17) 


Cll— Nl— C12— C13 


47.3 (2) 


Cll— Nl— C12— C14 


172.66 (17) 


Nl— C12— C13— Ol 


68.3 (2) 


C14— C12— C13— Ol 


-53.8 (2) 
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r*l tt„i pc r^A 
C3 — t e 1 — CD — C4 


in c~7 f \ i\ 
3 1 .5 1 (13) 




m 1 rn p 1 a pic 
JN 1 — C12 — CI <H CI J 




1 *7A ZA ( 1 *7\ 

—1 fy.j4 {L 1) 


p~7 tt~i pc p/i 
C/ — rel — CD — C4 


loo. 3 (2) 




p 1 1 rn pij pic 
C13 — C12 — C14 — CI J 




ZA *7 f)\ 

-54.7 (2) 


pin tt„i pc n 
CIO — t el — C5 — CI 


llo.vl (16) 




pn pii pic pu 
C12 — C14 — CI 5 — ClO 




— /o.U yl) 


po fai pc n 
C2 — r e 1 — — C 1 


—35.41 (ID) 




pit P1/1 pic nn 
C 1 2 — C 1 4 — C 1 5 — C2U 




1U1.D [2) 


p/: tt~i pc n 
Co — f e 1 — CD — C 1 


/ /.52 (1 /) 




PTA P1C P1£ P 1 "7 

C2U — C 1 5 — C 1 6 — C 1 / 




-0.4 (3) 


/^n T7 a i pc n 

cy — r e i — CD — c i 


1 £n £i n ^\ 
loU.03 (ID) 




P1/1 P1C PK P1"7 

C 14 C 1 J — C 1 0 — C 1 / 




1 *7A AO n n\ 


f^Q T7ai pc n 
Co — r e 1 — C5 — C 1 


— 16 / .0 (3 ) 




P1C PK P1"7 P1C 

ClJ — C16 — CI / — CIS 




1 A f1\ 

1 .0 (3) 


p/i fai pc n 
C4 — r e 1 — CD — C 1 


1 1 Q n /")\ 

- 1 iy. / (2) 




pi/: pn P1C P1Q 

cio — ci / — cio — ciy 




-0.7 (3) 


pi tt~i pc n 
C3 — f e 1 — CD — C 1 


— oz.14 (lo) 




pn pio pin pin 

c i / — c i o — c i y — C2u 




-0.1 (4) 


C7 — Fe 1 — C5 — C 1 


46.6 (3) 




C16— CI 5— C20— C19 




-0.4 (3) 


CI— Fel— C6— CIO 


119.37(13) 




CI 4— CI 5— C20— C19 




-179.93 (19) 


C2 — Fe 1 — C6 — C 1 0 


161.56 (13) 




CI 8— CI 9— C20— C15 




0.7 (4) 


C5— Fel— C6— CIO 


77.12(15) 




02— C21— C22— C23 




-149.0 (3) 


C9— Fel— C6— CIO 


-37.71 (13) 




03— C2 1— C22— C23 




29.3 (4) 


pn C-.1 P/T Pin 

Co — r e 1 — Co — C 1 0 


-ol.3o (14) 




PU PT> PIT PT/1 

C2 1 — C22 — C23 — C24 




1 "7n /; fi\ 
— 1 /y.6 (3) 


Hydrogen-bond geometry (A, °) 












D—H-A 




D — H 


H-A 


D-A 


Z>— H 


Nl— H91-02' 




0.95 


1.74 


2.685 (2) 


173 


Nl— H92-03 




0.82 


1.94 


2.747 (2) 


170 


01— H93-03' 




0.87 


1.85 


2.712 (2) 


172 


C16— H16-01" 




0.93 


2.56 


3.447 (3) 


159 


CI 8— 1118-02'" 




0.93 


2.58 


3.435 (3) 


154 


Symmetry codes: (i) x-l,y, z; (ii) x+\,y,z; (iii) -x+1,j>-1/2, -z+1. 
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